A home made experimental set-up allows us to measure the thermal conductivity, the thermopower and the thermal diffusivity simultaneously in the temperature range (20-300 K). Therefore the specific heat can be deduced. The role of a radiation shield is shown to be relevant. Tests of the system are made on a 99.9% pure Cu sample and two polycrystalline cuprate ceramics for illustration. Without any complicated optimisation, the technique indicates much promise already due to its efficiency and rapidity.
Introduction
To measure the electrical resistivity of metallic and semiconducting compounds is a well-known material test procedure. Phenomena occurring under thermal gradient conditions are less popular because much more difficult to describe and to interpret. One reason is the difficulty to obtain reliable data on the same sample under the same experimental conditions. Therefore to measure the thermal conductivity and the thermoelectric power simultaneously has been a great challenge [1, 2] . Another interesting and fundamental property is the specific heat which is a static (equilibrium) property. Its importance in physics is well-known because it indicates the presence or not of phase transitions from a thermodynamic point of view. Related to these properties is the thermal diffusivity coefficient which is a hybrid property. Not much is known on that quantity from a theoretical point of view. It might be that this is due to the lack of precision of the relevant data.
Our endeavour has been to measure simultaneously three properties, i.e. the thermal diffusivity together with the thermoelectric power and thermal conductivity which for the latter two has been already demonstrated to be We will show that we can implement the Kennedy [3] transient heat flow method, reducing at most the radiation losses in order to derive quite good data on the thermal diffusivity simultaneously measured with the thermal conductivity and the thermoelectric power. For a first comparison with other works and error estimates we have measured the thermal diffusivity of an ordinary Cu wire. Notice that to our knowledge there is no direct experimental thermal diffusivity data of copper at low temperature (T < 100 K), -except through the ratio of independent measurements of the thermal conductivity and the specific heat.
We have then tested whether the technique can be used on two polycrystalline superconducting ceramics in order to reveal minute features. The results are quite satisfactory and it can be hoped that they can thus be applied to other or better samples.
In Section 2 we present and discuss the experimental considerations. In Section 3 we report the experimental results. They are discussed in Section 4. A brief conclusion is found in Section 5.
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The European Physical Journal B Fig. 1 . Experimental set-up to measure simultaneously the thermal diffusivity, thermal conductivity and thermopower at low temperature. The sample, sample holder, and sink are entirely covered by the radiation shields.
Experimental considerations

Set-up
A schematic view of the experimental chamber set-up and sample holder which are used for measuring the thermal conductivity κ(T ), the thermopower S(T ) and the thermal diffusivity α(T ) is shown in Figure 1 . The set-up is derived from that allowing the simultaneous measurements of κ(T ) and S(T ) as in reference [2] .
The heater (H 1 ) is made of thin constantan film resistance (150 Ω), the latter value being measured by the four-probe method. The film is glued by GE7031 varnish on one face of the sample such that the sample heater (H 1 ) supplies a uniform heat flow through the sample. The other extremity of the sample is glued to the sample holder by means of cigarette paper and GE7031 varnish in order to reduce the thermal resistance between the sample and the sample holder. Indeed the thermal conductivity of the GE7031 is 0.1 W/m.K between 1 and 300 K [4] . Four phosphorus bronze wires (length = 10 cm, φ = 50 µm, R = 10 Ω) are used for carrying the current and measuring the voltage drop on the sample heater (H 1 ). The temperature at (three) different positions on the sample is measured through absolute chromel-constantan (Ch-Ct) calibrated thermocouples (length = 15 cm, φ = 50 µm) which are thermally anchored on the sink and the sample holder (wound and glued around them). We have included a copper radiation shield covering the sample. The shield temperature is controlled by a constantan (150 Ω) film resistance (H 2 ), and is maintained at nearly the sample and sample holder temperature. In order to reduce the conduction thermal losses the heater H 1 and H 2 are connected through the phosphorus bronzes wires themselves.
In this report the thermal diffusivity measurement requires a current pulse (about one second) when raising the sample temperature, such that it is difficult to keep the sample and the radiation shield at the same temperature in view of the relaxation times of both systems. Moreover the mass of the radiation shield is chosen to be three times bigger than the mass of the examined sample. Thus the temperature increase of the radiation shield cannot exceed the temperature of the sample. For the thermal conductivity measurement, we adopt the same technique with a 5 mA current (applied during about ten minutes) as required to reach a steady state. In order to reduce the radiation thermal losses and allow for a faster temperature equilibration as much as possible the current injected into the sample is the same as that flowing through the radiation shield heater (see Fig. 1 ). In our case the radiation thermal losses are thus reduced because of the permanently controlled temperature on the radiation shield and sample holder.
A close He gas circuit allows the system to be cooled down from room temperature to 20 K, but we study samples mainly between 40 and 220 K where most of the interesting physical features appear. The whole experimental chamber is evacuated to 10 −8 mbar by a turbo-molecular pump.
Measurement method
The technique described in this report utilizes and adapts the Kennedy transient heat flow method [3] for the thermal diffusivity. In this method, a sudden temperature change is made at one end of the sample. The details of the method have already been discussed elsewhere [10, 11] . The thermal conductivity and the thermopower are measured using the steady-state [5] and differential [6] method respectively. Under these experimental conditions, the thermal diffusivity α(T ), thermal conductivity κ(T ) and thermopower S(T ) of any solid sample can be measured simultaneously.
Consider non steady-state conditions of a unidirectional heat flow in an isotropic medium. The differential equation that gives the temperature rise at any position x and time t for a sample supposed to have a uniform cross section is
where α = κ/dc p , is the thermal diffusivity, and κ the thermal conductivity, d the density, c p the specific heat at constant pressure, θ the change in temperature and µ is the coefficient of surface heat loss which takes into account any heat loss by radiation, conduction and convection. Moreover the heat loss has been considered to be proportional to θ but this is so without any great loss of generality, as long as the x and t variations are small. Moreover in the set-up described above the thermal losses have been reduced experimentally as much as possible, i.e. due to the radiation shield and controlled feedback of the temperature differences. Therefore the coefficient µ can be neglected in equation (1), since (i) the radiation shield is kept at the same temperature of the sample, (ii) the wires are long, thin and thermally anchored, and (iii) the vacuum is rather high. The Crank-Nicolson implicit method [12] , and a high speed computer are then used to solve numerically
